The presence of integrons and the antibiotic susceptibility profiles of STEC strains isolated in Belgium were analysed. The collection contained 306 strains, of which 225 were human isolates and 81 originated from different food or animal sources. Integrons were detected by PCR in 7.5 % of the tested isolates and all were class 1 integrons. The integron-positive strains all belonged to the human collection. By RFLP, five different types (A, B, C, D, E) were distinguished. The antibiotic-resistance gene cassettes were identified by sequencing representatives of the five different types. Two types of gene cassettes were found in different combinations, one encoding resistance to streptomycin/spectinomycin and the other encoding resistance to trimethoprim. One of the gene cassettes present was the rarely detected aadA23, which was now apparently for the first time reported in Western Europe. Susceptibility profiling of the strains for 11 antibiotics was done by standard disc diffusion assays. Among the 23 integron-positive strains, 17 different antibiotic susceptibility profiles were found. In the 283 integron-negative strains, 24 different antibiotic susceptibility profiles were observed. The majority of these strains were susceptible to all tested antibiotics (n5218, 77.0 %). The integron-positive strains were significantly more resistant to eight of the eleven tested antibiotics compared to the integron-negative strains (P,0.05). PFGE profiles of integron-positive strains within selected serogroups did not cluster together.
INTRODUCTION
Besides being a commensal species in humans and animals, Escherichia coli also contains strains that can cause disease. These pathogenic strains can be divided into two groups, intestinal pathogenic E. coli (IPEC) and extraintestinal pathogenic E. coli (ExPEC) (Köhler & Dobrindt, 2011) . One subgroup of IPEC are the Shiga toxin-producing E. coli (STEC) or synonymously the verocytotoxin-producing or verocytotoxigenic E. coli (VTEC). STEC are considered as the most significant group of emerging foodborne pathogens (Bolton, 2011) , causing different symptoms, ranging from uncomplicated diarrhoea to very serious illnesses such as haemorrhagic colitis and haemolytic uraemic syndrome (HUS). A few hundred STEC serotypes have been isolated from patients with gastrointestinal disease, but only a few of them seem to be implicated in the majority of human diseases (Karmali et al., 2010) .
Although antibiotic treatment remains controversial in the case of a STEC infection (McGannon et al., 2010; Panos et al., 2006) , antibiotics are often used in clinical practice. It is important to study how antibiotic-resistance genes in STEC can be acquired and possibly be transferred to other bacteria. One kind of genetic element that plays a role in the acquisition and the dissemination of antibioticresistance genes is the integron. Integrons were first described in the late 1980s (Stokes & Hall, 1989 with mobile DNA elements such as transposons and plasmids, and the chromosomal integrons, which are associated with the bacterial chromosome (Cambray et al., 2010) . Based on the sequence of the encoded integrases, five different integron classes can be distinguished among the mobile integrons, of which only the first three are historically associated with the dissemination of multiresistance (Cambray et al., 2010) . In Gram-negative pathogens, class 1 integrons are the most abundant, followed by class 2 integrons and the rarely detected class 3 integrons (Stokes & Gillings, 2011) . Class 1 integrons usually consist of two conserved segments (59-CS and 39-CS) between which one or more gene cassettes can be integrated. In the 59-CS elements are present for the integration and the expression of the gene cassette(s), namely an intI1 gene, encoding an integrase, a recombination site attI and a common promoter P c (Sáenz et al., 2010) . In the 39-CS qacED1 and sul1 genes are present, encoding resistance to quaternary ammonium compounds and resistance to sulfonamides (Sáenz et al., 2010) . A gene cassette consists of a gene and a recombination site, attC, by which the cassette can be integrated in the integron by site-specific recombination. More than 130 gene cassettes associated with antibiotic resistance have been identified in integron classes 1, 2 and 3 (Partridge et al., 2009) .
The goal of this study was to screen a large collection of more than 300 STEC strains, isolated between 2000 and 2007 in Belgium from humans, food and animals, in order (1) to investigate the presence of integrons, (2) to characterize the integron-positive strains, (3) to identify the gene cassettes carried by them and (4) to analyse their antibiotic susceptibility. For this purpose multiple techniques (antibiotic susceptibility testing, PCR, RFLP, sequencing and PFGE) were applied.
METHODS
STEC isolates. A total of 306 strains were investigated in this study. Isolates were collected by the Belgian National Reference Center for VTEC/STEC between 2000 and 2007. The collection screened contained 225 human isolates and 81 strains originating from different food or animal sources. All clinical laboratories in Belgium can submit suspected strains or samples to the reference lab. They are encouraged to send strains or stool samples for all severe cases, in particular HUS. Serogroups were determined by bacterial agglutination using O antisera (Statens Serum Institute, Copenhagen, Denmark) for the most prevalent groups. Non-agglutinating isolates were sent to Statens Serum Institute for O : H serotyping.
Antibiotic susceptibility testing. The susceptibility to 11 antibiotics (ampicillin, chloramphenicol, streptomycin, sulfonamides, tetracycline, trimethoprim, ciprofloxacin, gentamicin, kanamycin, nalidixic acid and cefotaxime) was determined by the disc diffusion method using European Committee on Antimicrobial Susceptibility Testing (EUCAST) and Clinical and Laboratory Standards Institute (CLSI) potency Neo-Sensitabs tablets (Rosco Diagnostica). Interpretation of zones was done according to CLSI guidelines, as described by the manufacturer.
Presence of the virulence genes. PCR was used to determine the presence of the following virulence genes: stx1, stx2, eae and ehx. Preparation of the DNA samples was done according to the protocol of Flamm et al. (1984) . The DNA extracts were diluted to a final concentration of 25 ng ml 21 . One microlitre was used in the PCRs. Primers and PCR conditions were as described by Botteldoorn et al. (2003) . The PCR amplification products were separated by electrophoresis on a 1 % Seakem LE agarose gel (Lonza) in 16 TAE buffer (Invitrogen), visualized by ethidium bromide staining and photographed under UV light.
Presence of integrons. The degenerate primers hep35 and hep36 were used to detect the presence of integrons. These primers amplify the conserved regions of integrase genes intI1, intI2 and intI3 (White et al., 2000) . The PCR mix contained 16 buffer, 0.75 mM MgCl 2 , 1.5 U AmpliTaq DNA polymerase (Applied Biosystems), 50 mM dNTPs, 1 mM of each primer and 2 ml DNA extract (25 ng ml 21 ) in a total volume of 50 ml. PCR conditions were as described by Nagachinta & Chen (2009) . The PCR amplification products were separated by agarose gel electrophoresis and visualized by ethidium bromide staining as described above.
The integron class of the integron-positive samples was determined using integron class-specific primers: IntI1-F and IntI1-R for integron class 1, and IntI2-F and IntI2-R for integron class 2 (Povilonis et al., 2010) . The composition of the mix was as mentioned above. The PCR programme for integron class 1 was denaturation for 3 min at 94 uC, followed by 35 cycles of 1 min at 94 uC, 30 s at 68 uC, 1 min at 72 uC, and a final extension for 7 min at 72 uC. The PCR programme for integron class 2 was denaturation for 5 min at 94 uC, followed by 30 cycles of 30 s at 94 uC, 30 s at 62 uC, 1 min at 72 uC, and a final extension for 8 min at 72 uC. The PCR amplification products were separated by agarose gel electrophoresis and visualized by ethidium bromide staining as described above.
Characterization of gene cassette arrays. Amplification of the gene cassette array of class 1 integrons was done by using the primers 59CS and 39CS (Povilonis et al., 2010) . For this PCR, a long PCR enzyme mix (Fermentas) was used as the length of the fragment was unknown. The mix consisted of 16 buffer (MgCl 2 included), 200 mM dNTPs, 1.5 U Long PCR Enzyme Mix, 1 mM of each primer and 1 ml DNA extract (25 ng ml 21 ) in a total volume of 50 ml. The PCR programme was denaturation for 2 min at 94 uC, followed by 30 cycles of 20 s at 94 uC, 30 s at 57 uC, 90 s at 68 uC, and a final extension of 10 min at 68 uC. The PCR amplification products were separated by agarose gel electrophoresis and visualized by ethidium bromide staining as described above.
Further characterization was done by RFLP analysis using the restriction enzymes HinfI (New England Biolabs) and RsaI (GE Healthcare). The restriction mixture for HinfI contained 15 ml amplification product and 0.5 ml restriction enzyme (5 U), the restriction mixture for RsaI contained 15 ml amplification product and 0.5 ml restriction enzyme (3 U). Both restriction mixtures were incubated overnight at 37 uC. The restriction fragments were detected by electrophoresis on a 2 % Seakem LE agarose gel in 16 TAE buffer and visualized by ethidium bromide staining. The different RFLP types were designated with letters (A-E). A selection of amplicons (one per RFLP type) was sequenced by a commercial sequencing facility (Macrogen). The same primers as for the gene cassette array PCR were used for the sequencing reaction. The sequences were analysed with Kodon version 3.61 (Applied Maths) and comparisons were made using the Basic Local Alignment Search Tool (BLAST) (http://blast.ncbi.nlm.nih.gov/Blast.cgi).
PFGE. Strains were characterized by PFGE according to the rapid protocol of Ribot et al. (2006) and as standardized by PulseNet Europe (http://www.pulsenetinternational.org/protocols). DNA was digested with XbaI (Roche Diagnostics) and fragments were analysed in 1 % Seakem Gold agarose gels (Lonza) in 0.56 TBE buffer (45 mM Tris, 45 mM boric acid, 1 mM EDTA; pH 8) at 14 uC using the CHEF MAPPER system (Bio-Rad). The run time was 19 h at 6 V cm 21 , with initial and final switch times of 2.16 and 54.17 s, respectively. Gels were digitally visualized after staining with ethidium bromide, followed by destaining in water. Gel images were analysed with BioNumerics version 6.5 (Applied Maths). XbaI-digested DNA from Salmonella enterica Braenderup H9812 was used as the normalization reference. The similarity between PFGE patterns of the same serogroup was calculated using the Dice coefficient (with an optimization of 1.0 % and a position tolerance of 1.0 %), and the patterns were grouped together according to their similarities using the unweighted pair group method with arithmetic mean (UPGMA) clustering method.
Statistical analysis. A x 2 test was performed to assess whether integron-positive strains were significantly more resistant than integron-negative strains for each of the tested antibiotics. For the statistical analysis, intermediate resistant strains were considered as resistant. Significance was set at P,0.05.
RESULTS

STEC isolates
A total of 306 STEC strains were investigated. The isolates were classified according their serogroups (Table 1) . The human strains belonged to more than 25 different serogroups. The most prevalent serogroups among the human strains were O157 (n5112), O26 (n531), O103 (n515), O145 (n511) and O111 (n510). Eighteen serogroups were represented by only one strain. Different clinical manifestations implicated in the human infections were reported, ranging from diarrhoea (23.6 %), bloody diarrhoea (21.3 %) to HUS (21.8 %). In 5.8 % of the cases isolates came from patients without diarrhoea, generally in the frame of abdominal pain syndromes. All non-human strains belonged to serogroup O157. Food isolates accounted for 93.8 % of the non-human strains, and more than 95 % of these were of bovine origin. The animal isolates came from cattle and from a dog.
Antibiotic susceptibility
For each of the strains, the susceptibility to 11 antibiotics was analysed and antibiotic susceptibility profiles were determined. In total, 35 different profiles were found. The majority of the strains (71.2 %) were susceptible to all the antibiotics tested. This high percentage was caused by the high percentage of susceptible strains (87.0 %) within the O157 serogroup. Without taking this serogroup into account, only 44.2 % of the strains were susceptible to all the antibiotics tested. In Table 1 , the number of different antibiotic susceptibility profiles per serogroup is shown. Serogroup O157 was the least diverse serogroup concerning the antibiotic susceptibility profiles, with 11 different profiles among 193 strains. Serogroup O111 was the most diverse group, with 9 different profiles among 10 strains, followed by O145 (7 profiles/11 strains) and O26 (18 profiles/31 strains).
Virulence genes
Isolates were initially screened for the presence of four important STEC-associated virulence genes, i.e. stx1, stx2, eae and ehx. STEC strains are characterized by the presence of stx1 and/or stx2 genes, which encode Shiga toxins. The eae gene encodes intimin, which is associated with adhesion to the intestinal epithelium and the formation of attachment and effacement lesions, and ehx is a plasmidencoded virulence gene encoding enterohaemolysin (Buvens et al., 2012) .
Ten different combinations of the four examined virulence genes were found among the screened collection ( Table 1) . The most frequently occurring virulence profile was stx1 2 , stx2 + , eae + , ehx + , which was present in 56.2 % of the strains. Seventy-two of the 306 strains (23.5 %) contained the stx1 gene, 181 (59.2 %) contained the stx2 gene and 53 (17.3 %) contained both genes. The eae gene was present in 87.9 % of the strains, while the ehx gene was present in 93.1 % of the strains.
Integron-positive strains
All 306 strains were analysed for presence of integrons by PCR. Integrons were detected in 23 strains (7.5 %) belonging to nine serogroups (Tables 1 and 2 ). Only class 1 integrons were detected. All four strains belonging to serogroups O3, O6 and O118 possessed an integron. For the other serogroups the highest percentage of integronpositive strains was found in O111 (70.0 %), followed by O146 (25.0 %), O26 (19.4 %) and O145 (18.2 %) ( Table 1 ). In the O157 serogroup only one integron-positive strain was detected, belonging to the human subgroup.
With the gene cassette array PCR, four different lengths of bands were obtained within these integron-positive strains, except in strain MB 3936, for which no band was detected. The lengths of the bands were visually estimated as 800 bp,~1000 bp,~1600 bp and~1800 bp. RFLP analysis of these fragments with HinfI and RsaI revealed five different types (A, B, C, D, E). The two restriction enzymes revealed the same profile distinction. Fourteen strains (60.9 %) belonged to type A and five strains (21.7 %) belonged to type C. The other types (B, D and E) were represented by only one strain. By means of sequence analysis the identity of the gene cassette(s) present in the different types was determined. Three types (A, B, E) contained only one gene cassette. Type A and E contained respectively the gene cassette aadA1 and aadA23, encoding resistance to streptomycin/spectinomycin, while type B contained the gene cassette dfrA7, encoding resistance to trimethoprim. Although type C and D both contained two gene cassettes, of which one encoded resistance to streptomycin/spectinomycin and the other encoded resistance to trimethoprim, they differed in the 
*Susceptible to all 11 tested antibiotics. DUntypable, cross-reactivity with O109 and OX182 antisera. dNumber of different profiles.
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antibiotic-resistance genes identified. In type C aadA1 and dfrA1 were present while in type D aadA2 and dfrA12 were detected. The antibiotic resistance profiles of the integronpositive strains are shown in Table 2 . The strains belonging to type A were all, except one, resistant to streptomycin, as was the case for the strain belonging to type E. The strain of type B (MB 3926) was resistant to trimethoprim. All strains of type C were resistant to streptomycin and trimethoprim while the strain of type D showed intermediate resistance to streptomycin and was completely resistant to trimethoprim.
Comparison of integron-positive and integronnegative strains
Among the 23 integron-positive strains, 17 different antibiotic susceptibility profiles were found. The profile with resistance to ampicillin, streptomycin, sulfonamides, tetracycline and trimethoprim was the most common (n54, 17.4 %). In the integron-negative strains, 24 different profiles were observed. The most common among these was the completely susceptible profile (n5218, 77.0 %), followed by the profile with resistances to both streptomycin and sulfonamides (n516, 5.7 %).
In integron-positive strains, resistance to sulfonamides (95.7 %), streptomycin (95.7 %), tetracycline (78.3 %), ampicillin (60.9 %) and trimethoprim (47.8 %) was common. When comparing the susceptibilities to these antibiotics, integron-positive strains were significantly more resistant than the integron-negative strains (Table  3) . Other antibiotic resistances were more restricted, such as resistance to chloramphenicol and kanamycin, which occurred only in some strains of integron type A, while resistance to nalidixic acid occurred in some strains of types A and C (Table 2) . Integron-positive strains were significantly more resistant to chloramphenicol, gentamicin and nalidixic acid than integron-negative strains.
Resistance to ciprofloxacin and cefotaxime was not observed in the integron-positive strains. All integronnegative strains were also susceptible to cefotaxime.
A comparison of PFGE profiles was made between integron-positive and integron-negative strains of serogroups O26, O111 and O145. These serogroups were analysed because of their relatively high number of integron-positive strains. Among the serogroups studied, clustering of the integron-positive strains was not observed (data not shown). 
*Antibiotic resistance profile was determined for 11 antibiotics: streptomycin (Str), trimethoprim (Tri), sulfonamides (Sul), ampicillin (Amp), chloramphenicol (Chl), tetracycline (Tet), ciprofloxacin (Cip), gentamicin (Gen), kanamycin (Kan), nalidixic acid (Nal) and cefotaxime (Cef). DStreptomycin-resistance gene cassettes present in the integrons: type A, aadA1; type C, aadA1; type D, aadA2, type E, aadA23. dTrimethoprim-resistance gene cassettes present in the integrons: type B, dfrA7; type C, dfrA1; type D, dfrA12.
DISCUSSION
Antibiotic resistance is becoming more and more common in STEC (Buvens et al., 2010; Cergole-Novella et al., 2011; Karmali et al., 2010; Nagachinta & Chen, 2009) . One type of genetic element by which these organisms can gain and disseminate antibiotic-resistance genes is the integron. The screening of a collection of more than 300 STEC strains of human, food and animal origin revealed that integrons were present in 7.5 % of the strains. Only integron class 1 was detected. These results are similar to the results of a North American study in which 177 STEC strains were analysed (Nagachinta & Chen, 2009 ). The authors found that integron class 1 was present in 7.9 % and integron class 2 in 0.6 % of the strains. In contrast, Cergole-Novella et al.
(2011) found a higher percentage (22 %) of STEC strains containing integron class 1, isolated from humans and cattle in São Paulo (Brazil). This difference could be due to characteristics of the analysed collection. They analysed 32 antibiotic-resistant non-O157 STEC strains, while in the study presented here also antibiotic-susceptible strains, belonging to O157 and non-O157 serogroups, were analysed. Taking only the non-O157 serogroups into account in the current study, 19.5 % of the analysed strains were integron positive. Singh et al. (2005) found that 16 % of the 274 analysed STEC strains, isolated in the USA and originating from human patients (n581) and sick animals (n5193; poultry, cattle and swine), contained integron class 1 and in the study of Zhao et al. (2001) Skurnik et al. (2005) 85.7 % of the class 1 integrons carried dfr and/or aadA genes. Povilonis et al. (2010) reported that the aadA-and the dfr-containing gene cassettes were the most common in their study, with a frequency of aadA1 of 60 % in the class 1 integron-positive isolates. With its presence in 14 of the 23 integron-positive strains, aadA1 is also the most common gene cassette array (60.9 %) in the current study, followed by the dfrA1-aadA1 gene cassette array (21.7 %). These two types belong to the most common integron types encountered in E. coli isolates, originating from humans and animals in Europe and the USA (Povilonis et al., 2010) . The gene cassette present in type E, aadA23, is less common. It was first described in a Salmonella Agona strain isolated from a pig carcass in Brazil in 2005 (Michael et al., 2005) . Thereafter, it has been reported in human Salmonella Enteritidis and Salmonella Bredeney strains in Hungary (Nó grády et al., 2005) , in an E. coli strain isolated from neonatal calf diarrhoea in Egypt (Ahmed et al., 2009) and in E. coli strains isolated from food-producing animals and humans in China (Ho et al., 2009 ). To our knowledge, this is the first report of the aadA23 gene cassette in Western Europe. For 21 of the integron-positive strains, there was a good agreement between the antibiotic resistance phenotype and the gene cassette(s) present. For two strains (MB 4122 and MB 4134) the streptomycin resistance did not come (fully) to expression. This is not surprising, as it is known that the presence of aadA gene cassettes in integrons confers lowlevel streptomycin resistance and therefore represents an obstacle in classifying E. coli as susceptible or resistant to streptomycin (Sunde & Norström, 2005) .
Most of the integron-positive strains (91.3 %) were resistant to at least three different antibiotics. In the integron-negative strains, 13.1 % were resistant to at least three antibiotics. Nagachinta & Chen (2009) reported that all integronpositive strains examined in their study were resistant to at least three different antibiotics. The highest resistances among the integron-positive strains were found to sulfonamides (95.7 %), streptomycin (95.7 %), tetracycline (78.3 %), ampicillin (60.9 %) and trimethoprim (47.8 %). The integron-positive strains were significantly more resistant to these antibiotics than the integron-negative strains. The resistance to sulfonamides, streptomycin and trimethoprim is related to the presence of the integron, while the resistance to tetracycline and ampicillin could be due to the association of mobile integrons with plasmids and transposons .
PFGE is used for subtyping of both O157 and non-O157 subgroups and is considered the gold standard of subtyping techniques for epidemiological studies (Karama & Gyles, 2010) . In this study, PFGE did not reveal any clustering of the integron-positive strains in the selected serogroups. In the study of Cergole-Novella et al. (2011) most of the integron-positive strains, belonging to the O111 serogroup, clustered into two subgroups with more than 90 % similarity, while Ho et al. (2009) found no clonal relationship (.85 % similarity) between human and animal isolates with identical cassettes and also Kang et al. (2005) found distinct patterns among E. coli isolates carrying identical types of class 1 integrons.
In this study, we report the presence of class 1 integrons in STEC strains circulating in Belgium. The identification of the antibiotic-resistance gene cassettes revealed that only two types of antibiotic-resistance genes were present in the gene cassettes, but other antibiotic resistances were also present in the integron-positive strains. This is in contrast to the integron-negative strains, of which the majority were susceptible to the tested antibiotics. As integrons are often associated with mobile elements, which can carry additional antibiotic-resistance genes, it remains very important to monitor integrons and the antibiotic resistance present in STEC as they can transfer their resistance genes to other (pathogenic) bacteria.
